and Krumlauf, 1996) and neuronal identity (Tanabe and Jessell, 1996) al., 1998). § Present address:
We also injected HRP into selected hindlimb muscles and examined the ETS protein profile of retrogradely of these neurons. Rather, in Er81 mutant mice, group Ia muscle spindle afferents fail to form their characteristic labeled MNs. ER81 appears to be expressed in the vasti, adductor, and a subset of hamstring MNs (Figures termination zone in the ventral spinal cord. As a consequence, direct connections between proprioceptive af-1A-1K; data not shown), whereas PEA3 expression maps to the rectus femoris, gluteus and a separate set ferents and MNs are dramatically reduced and functional motor output is lost. These results provide genetic of hamstring MNs (Figures 1A-1K ; data not shown). At forelimb levels, PEA3 was expressed by pectoralis MNs evidence that a late step in the assembly of sensorymotor circuitry in the mammalian CNS is controlled by but few LMC neurons expressed ER81 (data not shown). Thus in mouse as in chick, the expression of ER81 and an ETS class transcription factor. PEA3 defines distinct MN pools. Moreover, the MN pools that express ER81 or PEA3 in the mouse appear to Results supply the functional homologs of chick muscles innervated by ER81 ϩ and PEA3 ϩ LMC neurons (Lance-Jones,
Expression of ER81 and PEA3 by MNs 1979). and Proprioceptive Neurons
We next examined whether ER81 and PEA3 are also We first examined the profile of expression of ER81 and expressed by developing DRG neurons. We focused on PEA3 by MNs during mouse embryonic and postnatal the L4 and L5 DRG, but similar findings were obtained development. At limb levels of the spinal cord ER81 and at other segmental levels (data not shown). Expression PEA3 were expressed by nonoverlapping subsets of of PEA3 was first detected at E12.5, and ER81 at E13.0 MNs within the lateral motor column (LMC), but were (Figures 2A-2C ; data not shown). Individual DRG neuexcluded from neurons in the median motor column rons, however, showed varied levels of ER81 expression (MMC) (Figures 1A-1J ). PEA3 expression was first de-(arrows in Figure 2B ). Between E13.0 to E14.0, ‫%02ف‬ of tected at ‫ف‬E11.0 and ER81 expression at E12.0, and all DRG neurons, defined by Isl1 expression, expressed the expression of both proteins persisted in subsets of LMC neurons until at least P10 (data not shown).
ER81 and ‫%51ف‬ expressed PEA3 ( Figure 2B ; data not 
Figure 2. ER81 Expression in Developing DRG Neurons (A-I) Expression of ER81, PEA3, and markers of cutaneous or proprioceptive neurons in developing L4 and L5 DRG. (A-C) Expression of ER81 (red) and PEA3 (green) in wild-type embryos (A and B) and ER81 (red) and ␤-gal (green) in Pea3 nlslacZ/ϩ embryos (C). The level of ER81 and PEA3 varied between individual neurons (white arrows in (B) indicate neurons expressing a low level of ER81 and high level of PEA3). At E16.5, Pea3 expression was assessed in a mouse strain carrying a targeted nlslacZ insertion into the

Motor and Sensory Neurons Are Generated A Defect in Motor Coordination in Er81 Mutants in Er81 Mutants
To examine the role of ETS genes in the development
The ataxic behavior of Er81 mutants lead us to examine of sensory-motor circuitry, we generated two targeted the development of sensory neurons and MNs. We dealleles of Er81. In the first allele (Er81 
The mild reduction in axonal conduction velocity observed in Er81
ETS mutants is unlikely to account for the profound defect in motor coordination. We therefore examined connectivity between proprioceptive afferents and MNs in an isolated spinal cord-peripheral nerve preparation (Mears and Frank, 1997). Low threshold stimuli were applied to dorsal roots or to individual muscle nerves and synaptic responses in MNs were recorded extracellularly from ventral roots.
In wild-type and heterozygous Er81 ETS mice, dorsal root stimulation elicited compound synaptic responses ( Figure 6A; data not shown) . The earliest synaptic components, with latencies of 2-3 ms after dorsal root stimulation (black arrowheads in Figure 6 ), represent monosynaptic input from proprioceptive afferents supplying muscle spindles. This monosynaptic component was sufficiently large to evoke action potentials that were superimposed on the synaptic response of MNs ( Figure  6A ). Longer latency responses, which reflect polysynaptic proprioceptive and cutaneous sensory input to MNs, were also detected in wild-type and heterozygous mice ( Figure 6A ). In Er81 ETS mutants, the amplitude of monosynaptic responses was reduced by ‫01ف‬ fold, and these inputs were never sufficient to evoke action potentials in MNs ( Figure 6B ). In contrast, long-latency polysynaptic potentials recorded in Er81 ETS mutant mice were qualitatively similar to those in wild-type and heterozygous mice (Figures 6A and 6B) .
To examine the defect in connectivity in more detail, we recorded synaptic responses in MNs after stimulation of individual muscle and cutaneous nerves. Cutaneous nerve stimulation evoked similar late synaptic responses in wild-type and Er81 ETS mutant mice (data not shown). In contrast, in Er81 ETS mutants, monosynaptic inputs elicited by muscle nerve stimulation were greatly reduced ( Figures 6C-6J) . A reduction in monosynaptic input was observed for all muscle nerves stimulated, independent of whether these nerves supplied muscles innervated by ER81 dendrites is decreased. Figure S3 ). (Figures 7I-7P) .
In 
